Introduction 28
In the last 40 years a wealth of data has been accumulated from measurements of 29 surface ozone (O 3 ) and vertical profiles at multiple observatories in remote locations 30 around the globe. For instance, surface measurements at stations o f t h e U . S . 31
Geophysical Monitoring for Climate Change (GMCC) network started 40 years back 32 [Oltmans and Levy II, 1994] , and the Southern Hemisphere ADditional OZonesondes 33 (SHADOZ) program minimum has been demonstrated by several research cruises [Piotrowicz et al., 1986; 49 Winkler, 1988; Johnson et al., 1990] . In this low NO x regime, the O 3 budget is 50 determined by transport and its main photochemical losses. The daily variability of 51 and the one day averages, shown in Fig. 1 , were calculated for the analysis presented 150 in this paper. A wealth of ancillary data were acquired in situ during the campaign 151 (meteorological variables, NO x , global irradiance) [Gómez Martín et al., 2013] . A set 152 of ozonesondes (Science Pump Corp, Model 6A) was launched mainly during the 153 warm season in 2011 (see Fig. 1 ), which was necessary because the SHADOZ 154 program at San Cristóbal had been interrupted in 2008. The ozonesondes were 155 attached to meteorological radiosondes (Väisala), which provided pressure, 156 temperature and humidity data. The entire system was flown on a TOTEX balloon 157 (TX-1200) filled with helium. Chemical sensing solutions were prepared following 158 the manufacturer's recommendations. The standard cathode solution used was 1% KI 159 buffered [Komhyr et al., 1995] . An O 3 generator (Science Pump Corporation, TSC-1) 160 was used for calibration and preparation of the sondes [Komhyr, 1986] . Laboratory 161 studies indicate that ECC ozonesondes operated according to standard procedures 162 yield 3-5% precision and 5-10% accuracy up to 30 km altitude [Smit et al., 2007] . 163
Simultaneous ozonesondes launched from Isabela and San Cristóbal at 12:00 Local 164
Time (LT) during April and May 2011 were essentially in agreement and showed that 165 the vertical structure of the MBL and the lower Free troposphere (LFT) above the two 166 locations is similar. A collection of co-located ECCs was used as surface instruments 167 to validate the UV absorption measurements in the period when the surface monitors 168 were replaced, with both techniques being in good agreement (Fig. 2, bottom panel) . (Table S1) 
Observations 183
The regional climate around the Galápagos Archipelago is determined by the 184 interaction of ocean currents and winds, governed by the seasonal shift of the ITCZ, 185 and strongly influenced by ENSO. The year is divided climatologically into two 186 seasons: the rainy and warm season lasting from January-February through April, and 187 the dry colder season lasting the remainder of the year [Alpert, 1963] . This division 188 does not only determine the O 3 seasonal cycle but also modulates the intraseasonal 189 and the daily variability. 190
Daily variability 191
The O 3 daily cycle in the Galápagos has two distinct regimes. From July through 192 November, i.e. during the cold season and when O 3 seasonal maximum occurs, a 193 photolytic destruction regime is observed, with O 3 peaking early in the morning 194 (7:00-8:00 LT), decaying during the day, and recovering during the night (the average 195 daily profile of the two campaigns for September-November is shown in Fig. 3a into the Galápagos area [Sorribas et al., 2015] . Note in Fig. 3a that a small increase of 201 O 3 is observed between 6:00 and 7:00 LT, which corresponds to peak NO 2 levels of 202 ~100 pptv early in the morning. Some rush hour anthropogenic emissions close to the 203 site caused by ship traffic were observed on the spot, but the NO 2 cycle is driven 204 mainly by radiation. The evening peak gives an idea of the total NO x levels, which are 205 (solid black line in Fig. 3a ). This daily cycle may also appear during 209 the transition months between the warm and the cold seasons (May-July, November-210 January), although generally a flat profile is observed. The estimated contribution of 211 HO x photochemistry to O 3 photochemical loss is ~70% [Gómez Martín et al., 2013] , 212 with the rest corresponding to halogens (IO x and BrO x ). 213
The amplitude of the daily cycle at Galápagos also has some interannual variability. 214 was only seen in July and not in the following months, when a large cold season 218 negative anomaly occurred (see interannual variability, section 3.4). 219
In the warm months (February through April, Fig. 3b ), and sometimes in the 220 preceding transition period (end of December and January), a completely different O 3 221 daily cycle emerges, which appears to be mainly driven by the wind daily cycle. 222 Figure 3b (blue line) shows that during night time the wind is very low. Surface dry 223 deposition to the land surface surrounding the measurement site during the windless 224 periods is therefore a primary cause of the observed nighttime O 3 reduction. At dawn, 225 wind starts blowing again from the south and flushes the stagnant air mass bringing 226 O 3 -richer open ocean air, causing a 5-6 ppb increase between 6:00 LT and 10:00 LT. 227
The replenishment of O 3 is followed by day-time photochemical destruction. The 228 relative changes between 10:00 and 17:00 LT are similar between Figs. 3a and 3b, 229 suggesting similar photochemical destruction in the warm and cold period. 230
The higher levels of NO x in the warm period (the green squares in evening events. Fig. 3a shows a sharper increase of O 3 between 6:00 LT and 7:00 LT 248 in October. The onset of O 3 increase in the February average in Fig. 3b matches very  249 well the onset of wind, but the February-April average (black dots) shows that some 250 O 3 production (~1 ppb) occurs at dawn between 5:00 LT and 7:00 LT during the NO x 251 spike before the wind starts blowing at 7:00 LT. There is also some indication in Fig.  252 3b that the NO x spike in the evening forms some extra O 3 just before dusk. In any 253 case, it seems clear from the data in Fig. 3 that advection is the major source of O 3 254 during the warm season.. It is worth noting that despite the large O 3 increase between 255 6:00 and 8:00 LT, the total mixing ratios are still very low, at levels similar to those at 256
Samoa [Oltmans and Levy II, 1994] . with photochemical production between 6:00 and 8:00 LT, followed by 273 photochemical destruction through the day and recovery in the evening. 274
Intraseasonal variability 275

Surface data correlations in the frequency and time domains 276
The daily averages of SST and O 3 in Fig 
respectively. 298
Besides the observation of significant frequency components in different variables, it 299 is important to stablish if these are simultaneous and coherent. There is significant O 3 -300 SST common power in the ~15 and ~30 day bands, mainly during the two cold 301 seasons (Fig. 6 , panel c). Significant coherence also exist for these bands ( Table 1 . This analysis yields 343 more than one significant regression coefficient for cold season data segments. The 344 most significant increase in the explained variance of O 3 anomalies with respect to the 345 simple correlations in Table S1 occurs for the first CHARLEX cold season, where the 346 explained variance rises from 32% with only water vapor to 59% by adding linear 347 terms to the regression (v, SST, Rad and NO 2 ). Note that this is the only period of the 348 campaign during which all in situ variables were measured. 349
Intraseasonal variability in the vertical distribution of ozone 350
The low sampling rate of the SHADOZ ozonesondes (average of three sondes per 351 month between 1998 and 2008) precludes a study of the weekly to monthly variability 352 of the O 3 profile using spectral analysis techniques. However, during the PIQUERO 353 period and the year before, the number of ozonesondes launched was higher (weekly). Fig. 9 (d and e) and Fig. 10 (e -h) . Surface O 3 is also anti-correlated with the 396 inversion layer height and positively correlated with the lapse rate (Fig. 9, panel f) . 397
The seasonal variation of O 3 in the MBL, IL and FT shows a secondary maximum in 398 the warm season that is not observed at the surface. The water vapor mixing ratio only 399
shows a strong seasonal dependence in the MBL. 400 The sign of correlation with SST ( Fig. 10d ) and water vapor (Fig. 10b) 
is negative. 422
Regression of O 3 against several variables does not enhance the amount of explained 423 variance beyond 25%. 424
Discussion 425
Daily variability 426
Of all tropical and sub-tropical stations where data is available, Samoa is the one 427 resembling more closely the behavior of surface O 3 at Galápagos, except for the 428 amplitude of the seasonal cycle at a similar location such as Samoa is 10 ppbv (Fig.  441   11) , which suggests that the average O 3 in the warm season at Galápagos could be 442 around 8-9 ppbv using the seasonal O 3 maximum as a reference. Extrapolation of the 443 average vertical profiles at 8:00 and 12:00 LT (Fig. 4, panel a) from 0.6 km 444 downwards also suggests average surface values around 7-10 ppbv, i.e. between the 445 night time minimum and the daytime maximum. Thus, daily averages of the surface 446 UV measurements, and also monthly averages of ECC measurements combining 447 launch times before and after 6:00 LT, may not be far from the background O 3 mixing 448
ratios. 449
Of those ozonesondes launched at San Cristóbal from January to April, 28 were 450 launched between 5:00 and 7:00 LT and 45 were launched between 8:00 and 18:00 451
LT. Measurements taken during the low wind periods at night during warm months 452
show systematically lower O 3 mixing ratios (Fig. S8) and cannot be considered as 453 representative of the oceanic background conditions 454
Intraseasonal variability 455
The oscillation periods observed in the O 3 daily anomalies in the cold season are close 456 analysis is beyond the scope of this paper and will be subject of a follow-up study. 493
Seasonal variability 494
The seasonal pattern of surface O 3 at Galápagos is characteristic of the Southern 495 is narrower than at higher latitudes, which explains why the second harmonic is less 507 significant in Galápagos. 508
However, the ozonesonde data shows the presence of a strong second harmonic aloft. 509
Fourier expansion fits of the seasonal cycles in Fig. 9c show that the first harmonic 510 has similar phase angle from the surface through the IL, albeit with decreasing 511 amplitude, becoming non-significant in the IL. The first harmonic is again significant 512 in the FT, but the phase and amplitude are completely different from those at the 513 surface. Both the amplitude and phase parameters of the second harmonic are similar 514 from the higher layers of the MBL through the FT. The inversion altitude annual 515 cycle (Fig. 9, panel f) is correlated to SST, with the strongest (and lower) inversions 516 occurring during the cold months (the maximum lapse rate at the inversion is also 517 plotted in panel f). All the radiosonde profiles indicate a capped MBL during the 518 August-November period (see T and RH climatological profile for September in Fig.  519 9, panels a and c). By contrast, in the warm season conditions compatible with 520 vertical exchange. Thus it can be concluded that in the warm period the MBL receives 521 influence of the FT, which causes a secondary maximum, whereas in winter the MBL 522 remains isolated from the FT. The double sinusoid in the FT cycle is an interesting 523 feature which should be addressed in future work. Analysis of FT O 3 in the Eastern 524
Pacific [Kim and Newchurch, 1996; Oltmans et al., 2001] suggests that the maximum 525 in August-September results from transport of O 3 -rich continental air masses during 526 the South-American biomass burning season, but the secondary maximum in January-527
March has not been discussed yet. 528
The comparison between Galápagos and other tropical locations in Fig. 11 tongue, which implies higher levels of ozone upwind. 550 Fig. 11 shows measurements at two equatorial locations other than Galápagos. 551
Paramaribo is half of the year at each side of the ITCZ and consequently displays a 552 double O 3 maximum, with two minima occurring when the ITCZ passes above [Maas, 553 2004] . Kiritimati (Christmas Island, 2 N, 157 W), which is similarly situated than 554
Galápagos with respect to the latitudinal shift of the ITCZ (see OLR cycle, Fig. 11) , 555
shows a hint of a surface O 3 seasonal cycle, at least according to the rather sparse data 556 available Takashima et al., 2008; Conley et al., 2011] . The likely 557 explanation for a weaker seasonal cycle in Kiritimati than in Galápagos is that the 558 former is located at the tip of the Pacific cold tongue, with a dominating zonal wind 559 component and warm waters to the south, which essentially precludes the 560 replenishment of ozone-richer air from higher latitudes during austral winter-spring. 561
In October, O 3 is 10-15 ppbv at 10S, 150 W [Piotrowicz et al., 1986] and 20-30 562 ppbv at 10S, 85 W [Helmig et al., 2012] . Thus, the seasonal variation of the Pacific 563 cold tongue probably explains why the low O 3 region that extends across the 564
Equatorial Pacific in January-April becomes restricted to west of 150W in July-565
December [Piotrowicz et al., 1986] . scaled to the number of observations. During PIQUERO and CHARLEX the UV and 910 ECC data is averaged, and therefore the number of observations is much larger. 911
